Both gold-rich sulphides and ultra-high grade native gold oreshoots are common but poorly understood 21 phenomenon in orogenic-type mineral systems, partly because fluids in these systems are considered to 22 have relatively low gold solubilities and are unlikely to generate high gold concentrations. The world-23 class Obuasi gold deposit, Ghana, has gold-rich arsenopyrite spatially associated with quartz veins, 24 which have extremely high, localised concentrations of native gold, contained in microcrack networks 25 within the quartz veins where they are folded. Here, we examine selected samples from Obuasi using a 26 novel combination of quantitative electron backscatter diffraction analysis, ion microprobe imaging, 27 synchrotron XFM mapping and geochemical modelling to investigate the origin of the unusually high 28 gold concentrations. The auriferous arsenopyrites are shown to have undergone partial replacement 29 (~15%) by Au-poor, nickeliferous arsenopyrite, during localised crystal-plastic deformation, 30 intragranular microfracture and metamorphism (340°-460°C, 2 kbars). Our results show the dominant 31 replacement mechanism was pseudomorphic dissolution-reprecipitation, driven by small volumes of an 32 infiltrating fluid that had relatively low ƒS 2 and carried aqueous NiCl2. We find that arsenopyrite 33 replacement produced strong chemical gradients at crystal-fluid interfaces due to an increase in ƒS2 34 during reaction, which enabled efficient removal of gold to the fluid phase and development of 35 anomalously gold-rich fluid (potentially 10ppm or more depending on sulphur concentration). This 36 process was facilitated by precipitation of ankerite, which removed CO2 from the fluid, increasing the 37 relative proportion of sulphur for gold complexation and inhibited additional quartz precipitation. Gold 38 re-precipitation occurred over distances of 10 µm to several tens of meters and was likely a result of 39 sulphur activity reduction through precipitation of pyrite and other sulphides. We suggest this late 40 remobilisation process may be relatively common in orogenic belts containing abundant 41 mafic/ultramafic rocks, which act as a source of Ni and Co scavenged by chloride-bearing fluids. Both 42 the preference of the arsenopyrite crystal structure for Ni and Co, rather than gold, and the release of 43 sulphur during reaction, can drive gold remobilisation in many deposits across broad regions. 44
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3.2.

Analytical methods 157
We used a diverse combination of microanalytical techniques to investigate the elemental 158 distribution of trace elements (particularly Au) detector has a resolution of 400eV which allows gold peaks to be distinguished in the spectra despite 174 the peak overlap with arsenic (Fisher et al., 2014) . 175
Elemental mapping was carried out using the Cameca NanoSIMS 50 at the Centre for Microscopy, 176
Characterisation and Analysis (CMCA) at The University of Western Australia. The samples were 177 prepared as polished one inch resin mounts and thin sections, and carbon coated to provide conductivity. Mineral identification, mineral chemistry zonation, overprinting relationships and paragenesis were 187 investigated with optical techniques and scanning electron microscopy (SEM). Backscattered electron 188 images were generated using a TESCAN VEGA3 SEM. Energy Dispersive X-ray spectra (EDX) were 189 acquired using an Oxford instruments X-Max 50 silicon drift detector with AZtec software fitted on the 190 TESCAN VEGA3. Analytical conditions were 15 kV accelerating voltage with a 1.5 nA probe current. Crystallographically controlled microtextures and chemistry 216
The arsenopyrite grains are composed of at least two primary domains: rims that appear homogenous 217 in BSE images and inclusion-rich cores (Oberthür et al., 1994; Oberthür et al., 1997) . The cores contain 218 inclusions of pyrrhotite, chalcopyrite and rutile. The boundary between cores and rims can be rich in 219 silicate inclusions (Figs. 1 and 2 ). In this study, the combination of the core-and-rim domains are 220 abbreviated as Apy(I). The composition of Apy(I) is non-stoichiometric, being depleted in As (~44 wt% 221
As -table 1). The distribution of the gold in Apy(I) is zoned (Fig. 3) press). Typically, these gold particles are several hundreds of micrometres across and up to several 274 centimetres long. A polymetallic suite of accessory minerals is solely associated with the microfractures 275 in the quartz veins and is not found in the wall rocks. These accessory minerals include galena, 276 chalcopyrite, sphalerite, bournonite, boulangerite, tetrahedrite, aurostibine, löllingite, pyrite, 277 arsenopyrite, and rare bismuth tellurides (Oberthür et al., 1994) . Muscovites and chlorites also infill the 278 microfractures. They are vein selvages derived from wall rock fragments (Fig. 1D) . 279
5.
Discussion 280
Interpretation of mineral textures timing relationships and mass balance estimates 281
From the overprinting textural relationships a clear sequence of events with respect to gold can be 282 determined at the mineral scale. (1) The fine oscillatory zoning within Apy(I), defined by gold 283 concentration ( Fig. 3D and E) , developed first. This is interpreted to reflect crystallographic, growth- reached 340 -460°C, we will briefly consider the possibility that some gold was mobilised as a liquid. 319
In the system Fe-As-S, the first melt can appear at temperatures as low as 281°C (Frost et al., 2002) , 320 but only when the sulfur fugacity is high and beyond the arsenopyrite stability field (Tomkins et al., 321 2004), which is clearly not the case at Obuasi. The polymineralic accumulations containing gold in the 322 quartz veins (Fig. 1F) are reminiscent of the textures formed by crystallisation of gold-bearing 323 polymetallic liquids, but the phase relations in the relevant system (Au-Sb-As-Pb-Cu-Fe-S) suggest that 324 the assemblage would have been solid at the peak metamorphic conditions (see Tomkins et al., 2004) . 325
At these temperatures and ƒS 2 conditions necessary to stabilise arsenopyrite, the system would need to 326 contain native bismuth or mercury at low ƒS2, or thallium as part of the sulfosalt assemblage (cf. Tooth pyrite-pyrrhotite redox buffer, which is 1-3 orders of magnitude more than expected for orogenic 343 systems (Mikucki, 1998) and 3 orders of magnitude more than measured in deep, gold-rich geothermal 344 fluids (Simmons and Brown, 2007) . At the same pH and redox conditions, Ni is predominantly stable 345 as a solid sulphide mineral phase (Fig. 7) . The loss of sulphur associated with Ni replacement of Fe in 346 arsenopyrite (Table 1) necessitating an increase in the solubility of quartz in the fluid, thus inhibiting quartz precipitation and 377 possibly even allowing some quartz dissolution. An additional consequence of this process is that by 378 removing CO2 from the fluid, the relative abundance of H2S increases thereby further enhancing the 379 solubility of gold and buffering the fluid chemistry towards the ideal pH conditions for gold dissolution. 380
We calculated the effect of removing CO2 from the Au and Si rich system. As shown in Figure 9A , 381 the solubility of Si has potential to increase from 500 to 3000 ppm during the removal of CO2, especially 382 in the range of 2 -0 wt% of CO2 in fluids; quartz is rapidly dissolved with a corresponding pH change 383 from 7-8 (Fig. 9B) . The solubility of Au increases from 400 to 800 ppm when CO2 content decreases 384 to 5 wt% in the fluids; however, the Au solubility drops to ~20 ppm when CO2 is totally removed. The 385 decrease of Au solubility by about two orders of magnitude corresponds to the change of pH from 6.8 386 to 8, which is consistent with the activity diagram shown in Figure 7 . The pH changes from 5.7 to 8, 387 when removing CO2, crosses the HS -/H2S equivalence point, whereas fO2 changes in a very narrow 388 range and stays in the pyrite stability field (logfO2 = -30 ~ -28.9). The total sulphur content in the fluid 389 increases through the reactions and controls the Au carrying ability of the fluid. The preferred pH 390 condition for Au mobility is neutral (6-6.8) whereas Si is more mobile at neutral to alkaline conditions 391 (>6.5). An important conclusion is that moderation of XCO2 through carbonate precipitation can control 392 both Au remobilisation and Si solubility in H2O-CO2 fluid systems. 6 -6.8 (Figs. 7, 9) . 410
The subsequent loss of sulphur from the fluid, as pyrite precipitates in the microcracks, acted to 411 lower gold solubility and promote re-precipitation of gold. Such interactions explain why there is an 412 association between gold and pyrite in fractures in arsenopyrite and why remobilisation can occur over 413 short length-scales. Nonetheless, as long as some sulphur remains in the fluid, gold can also be 414 mobilised greater distances. We therefore suggest that the gold found in the microfracture networks in 415 deformed quartz veins was derived from the gold-bearing arsenopyrite, implying remobilisation 416 distances exceeding several tens of meters as the fluids evolved to higher sulphur content through 417 reaction (Fig. 10) 
